Abstract
Introduction
Many countries and regions across the world will experience aging populations because of declining birth and mortality. For example, it's reported that China formally became an aged society in 2000, when the population aged 60 or above accounted for 10 percent of its 1.3 billion people. With an annual growth rate of 3.7 percent, China's population aged 80 or above will reach 22 million by 2020, and 83 million by 2050. Thus, these demographical changes will inevitably lead to increased problems for social and economic development, as well as healthcare system.
Existing elderly-care services are generally performed on an ad-hoc basis which is likely to contribute to increasing incidence of medical errors or misdiagnosis and the decreasing effectiveness of preventive care [1] . Recently, pervasive and context-aware applications have been generally recognized as promising solutions for improving quality of life both the elderly and their relatives, which is the integration of wireless sensor networks with pervasive computing devices in the creation of intelligent environment for providing unobtrusive monitoring, prompting or reminding of desirable activities, and correcting or assisting the elderly in their daily life.
Context-awareness offers a powerful vision that aims at building novel applications and services that according to the situation of the user. Context-aware computing technology has been drawing much attention from researchers since it was proposed. Whereas, there are many complicated issues to overcome before pervasive healthcare can become a reality. Aiming to develop enabling key technologies in home healthcare systems and to provide essential facilities to aggregate them into a flexible infrastructure, this paper proposes our design and implementation of a Ubiquitous ContextAware Middleware (UbiCAM). The UbiCAM architecture which is built on our context model supports acquiring raw contexts from various context sources, interpreting contexts through context reasoner, predicting the future contexts from past and present contexts and delivering contexts in both push and pull modes. In particular, in this paper we detailedly present our novel context prediction scheme by set pair analysis (SPA) method [2] .
The rest of this article is organized as follows. Section 2 discusses related work. In Section 3 we give an overview of our UbiCAM architecture, followed by the SPA based context prediction scheme in Section 4. The system prototype of UbiCAM and the initial evaluation results of the prototype system are presented in Section 5. Finally, we present our conclusions in Section 6.
Related work
Lots of context-aware applications have been developed to demonstrate the advantage of contextaware computing technology. In recent years, research work has focused on providing infrastructure and framework support for context-aware system to enhance the efficiency of application development and facilitate their running performance in pervasive computing environments.
Chen et al. [3] have proposed a new architecture called Context Broker Architecture (CoBrA) for context representation, knowledge sharing and user's privacy control. CoBrA provides a centralized model where context data is shared by all devices, services and agents in a smart space. Ye et al. [4] presented the design and implementation of a middleware approach for context-aware applications and adopted fuzzy logic as an intelligent reasoning method for the decision mechanism. Hu et al. [5] studied model-based automatic context data management in the system prototype called ACoMS. The authors focused their endeavors on providing fault-tolerant context data acquisition for applications by dynamic self-configuration of context sources as well as runtime replacement of faulty sources. Henricksen and Indulska [6] presented a set of conceptual models and designed a corresponding infrastructure to support the software engineering process of context-aware applications. Huang [7] defined a global virtual context domain used in all applications supported by a middleware. The authors of Semantic Space [8] and SOCAM [9] have researched the context data management over physical spaces in different domains. In addition, there are some research efforts [10] [11] [12] [13] [14] related to middleware extensions for pervasive computing by standardizing on web services and service discoveroriented technology.
In above research projects, context services are mostly carried out taking present or past context into consideration. Namely, there is very little study on context prediction in these existing context-aware middleware infrastructures. Knowing the current context an application or system is used in and dynamically adapting to it only allows constructing reactive systems, i.e. systems which run after changes in their environments. To maximize their usefulness and user support, systems should rather adapt in advance to a new situation and be prepared before they are actually used [15] .
Context prediction is an evolving research field with challenging open questions [16] [17] [18] [19] . Contextaware applications, as the case stands, might be aware of their present, past or future context. The context prediction task might be completed by various context prediction schemes. However, in pervasive computing environments the context data arrive from rather heterogeneous sources and thus they are sometimes hard to map into meaningful real valued representations. Additional challenges arise from the limited capabilities of the devices that calculate the predictions. Namely, mobile and handheld devices have limited resources such as power, memory and processing power. In our UbiCAM, we introduce a novel practicable context prediction scheme by SPA method for the elderly healthcare monitoring and alerting.
Overview of UbiCAM infrastructure
The overall architecture of our UbiCAM, which tries to provide an efficient and flexible infrastructure support for building context-aware applications in pervasive computing environments, is illustrated in Figure 1 . Whereas in this paper we focus on the context prediction scheme, a more detailed description of the earlier researches on context-aware middleware can be found in [4] . Summarily, it mainly consists of the following five logical layers:
• Context Sources Layer To effectively avoid increasing system complexity and allow the users to concentrate on their tasks, applications and services must be aware of their contexts and automatically adapt to these changing contexts-known as context-awareness. Of course, context means different things to different people in different place at different time. We refer to any information that can be used to characterize the situation of an entity, where an entity can be a person, place, or physical or computational object. For example, in our elderly home healthcare monitoring and alerting case, contexts may include personal contexts (name, age, etc.), bio-signal contexts (blood glucose, body temperature, etc.) and computational entity contexts (devices, networks, etc.).
Figure 1. Overview of the UbiCAM architecture
• Context Acquirement Layer Due to the restriction of current sensing technologies, in most existing pervasive computing applications, the acquired context data may be strongly heterogeneous and often incorrect, inconsistent or incomplete. There are two basic kinds of context acquirement modes, namely, active mode and passive mode. Context providers in the context acquirement layer can acquire diverse context data from physical sensors (pulse sensor, blood pressure sensor, etc.) or virtual sensors (Web Services, Information Services, etc.).
• Context Management Layer The design of this layer is to enable the effective and efficient context data processing. On the whole, this layer mainly consists of four functional components: context data preprocess component, context reasoning component, context prediction component and context database. The functions of the context data preprocess component are filtering the raw sensor data and representing them in the form of OWL descriptions. The main goal of the context reasoning component is obtaining deduced context based on possessed contexts, detecting inconsistency and conflict in the context Knowledge Base (KB).
The context prediction component is responsible for inferring future contexts from past and present contexts. Since context prediction in pervasive computing environments covers such a huge field of applications and environmental settings, it is unfeasible to provide a general all-purpose approach that fits all possible requirements best. Depending on the scenario and the prediction aim at hand, therefore, researchers apply domain specific context prediction approaches. In our research, we develop a novel context prediction scheme by SPA method to carry out the prediction task.
• Context Service Layer All kinds of Context-aware services were managed by the context service layer. Generally speaking, context-aware services are applications that utilize various contexts and adapt their behavior according to the current contexts. Defining actions that triggered by rules set whenever the current context changes is a usual approach to develop context-aware services.
• Context Application Layer In UbiCAM, We use a context agent component to make context information available to external applications, by managing queries from applications and/or notifying interested applications when the context has changed. It contains a service authorizing tool to enable rapid and efficient development and deployment of applications.
SPA based context prediction scheme
Context prediction, i.e. exploiting expected future context, can offer distinct advantages over the sole usage of past and current context. There are many different aspects that need to be considered for practical context prediction system, as it involves the recording of context histories, context recognition, time series prediction and act on the real world based on those predictions.
SPA method
The SPA method, proposed by Keqin Zhao, is a kind of new system analysis approach. SPA modified uncertainty theory considering both certainties and uncertainties as an integrated certainuncertain system and depicting the certainty and uncertainty systematically from three aspects as identity, discrepancy and contrary (IDC). Set pair refers to a couple that consists of two interrelated sets. The basic idea of SPA is to analyze features and set up a connection degree formula of these two sets including identity degree, discrepancy degree and contrary degree under certain circumstances.
Putting together set A and B to form set pair H with respect to the problem W, we give the definition of the connection degree of set pair H:
Here  is the connection degree of the set pair, N denotes the total number of characteristics of the set pair, S represents the number of identity characteristics, P is the number of contrary characteristics, F=N-S-P is the number of the characteristics of these two sets that are neither identity nor contrary. S/N, F/N, and P/N, respectively, represent the identity degree, discrepancy degree and contrary degree of these two sets, j is the coefficient of the contrary degree, and is specified as -1. As the coefficient of the discrepancy degree, i is an uncertain value between -1 and 1, i.e., [ 1, 1] i   in terms of various circumstances. The uncertainty of the discrepancy degree of two sets is eliminated when i is specified as -1 or 1, and will increase when i is approaching zero.
Given a=S/N, b=F/N, c=P/N, Equation (1) can be rewritten as:
Due to its dialectic characteristics, and advantages as a simple mathematic depiction with clear physical meaning, SPA has been successfully applied to some multi-objective decisionmaking and multi-attribute assessment fields including computer science, engineering, comprehensive evaluation, artificial intelligence, etc [20] [21] [22] .
Context prediction scheme based on SPA
Based on SPA method, we can classify context acquired from pervasive computing environments as: identity context, discrepancy context, and contrary context. Taking the fluctuation complexity of context time series into account from the perspective of objectively accepting and comprehensively depicting, we have proposed a novel context prediction scheme based on SPA method as fellows.
Step 1: Construct the class pattern system. Aiming at the various application requirements and conditions, given object O, we construct the possible class pattern set 1 2 { , ,..., } n C C C C  according to protracted experience or professional knowledge provided by the domain experts.
Step 2: Calculate the connection degree between the class pattern system C and the reference system R. , ,...,
In practice, it is obvious that every factor brings different influence on the connection degree between the pattern class set C and the reference set R. As a simple and pragmatic solution, we use the factor weight vector 1 2 ( , ,..., ) m      to distinguish the differences. Sequentially, we can calculate the connection degree according to the following formula:
Step 3: Calculate the con nection degree be tween t he prediction system B an d the reference system R.
In the same way, According to the aforementioned way, we can get the connection degree ( , )
B R a bi cj     between the prediction system B and the reference system R.
Step 4: Calculate the IDC (identity, discrepancy, contrary) distance.
In this paper, we define the IDC distance as:
Step 5: Classify the prediction system B. By Comparing and sorting these IDC distances, we can seek out the minimal distance between prediction system B and class k C . Based on the nearest principle of IDC pattern recognition, we can categorize B into one class of k C . Furthermore, the prediction system B can be calculated by:
Where 0 k f refers to the center of class k C . The context prediction scheme based on SPA was executed in the context prediction component resided in the context management layer when the predefined conditions (e.g., when a set of bio-signal contexts of an older person were acquired and stored into the context data base) were triggered.
System prototype and evaluation
Based on above-mentioned UbiCAM infrastructure, we have developed a primary context-aware prototype system for elderly home health monitoring and alerting in Nanjing University of Posts and Telecommunications, P. R. China. We are exerting ourselves to improve each functional component in UbiCAM.
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Application scenario of UbiCAM prototype
We have set up a laboratorial deployment of the system prototype for performance evaluation and functional demonstration in our pervasive computing research center. Generally speaking, most of the elderly want to remain in their own homes even their conditions worsen and the home cannot sustain their safety. Our research goal is to assist the elderly by providing home capabilities that will monitor health trends and assist in the inhabitant's day to day activities in their homes. Figure 2 illustrates the deployment layout of the UbiCAM experimental scenario. The scenario begins with an old person, Frank, who had been hospitalized due to a heart attack several weeks ago. Fortunately, he had returned to health after professional therapy, and returned to his smart home (pervasive computing environments) with various sensors.
Although he had been discharged, the heal care center still needed to monitor his condition for a few days. His bio-signal data were acquired utilizing different sensors (in our case, including pulse sensor, body temperature sensor and blood oxygen sensor), and were further transmitted to the sink node. In addition to Frank's social contexts which provided by the virtual sensors, UbiCAM (running on the home application platform) can preliminarily process his comprehensive contexts (past contexts, present contexts and predicted contexts).
Figure 2. UbiCAM system prototype deployment
The doctor located at the health care center can expediently analyze these data (especially, predicted contexts) obtained through communication system on his PC, and makes a relevant diagnosis in good time. The central application server notifies the monitoring and alerting participants based on diagnosis and notification policies. Naturally, the interaction (instructions versus feedbacks) among all parties can enhance the performance of health care system. Effectiveness and efficiency of elderly health care depends on flexible collaboration and joint action of all care participants (family members, doctors and nurses). To do this, we need to model alarm notifications policies, i.e. policies specifying whom should be alerted, how and when the notification is sent and if acknowledge is required. In Table 1 , we propose a basic example policy for each alarm level. Obviously, it can be easily extended to include further levels according to practical applications. In our primary prototype system, the acquirement of bio-signal context is based upon UbiCell node [23] . Figure 3 shows the UbiCell and the experimental scenario of acquiring bio-signal. Owing to its superior ability of sensing, processing and transmitting, UbiCell is suitable to health care applications. At the same time, we utilize advanced hot swap technology which partitions sensing component into independent functional modules to select special interested information.
Performance of context prediction schemes
Context histories, especially when recorded over a long term, offer a wide range of possibilities to enhance the service provided by some context-aware system. However, the prediction of future context based on the recorded past context is often conceived as the ultimate challenge in exploiting context histories. The problem of context prediction is essentially an optimization problem. The search space is composed of all time series that can possibly be predicted. The context prediction algorithm has then to find the time series in the search space that will actually be observed in the future. One core part in our UbiCAM is the prediction component, whose aim is to predict future context based upon the observed histories.
The prediction task in context-aware and pervasive computing is accomplished by various algorithms. In this section, a initial evaluation of the developed scheme for context prediction is presented as a proof-of-concept. Naturally, the first-line requirement for context prediction algorithm is high prediction accuracy. We compare the prediction accuracy achieved by the SPA based scheme on a realistic body temperature data set to the accuracy achieved by a Markov prediction method and implementations of ANN prediction algorithm. To give an estimate on the accuracy of the prediction, we calculate the BIAS for every algorithm as:
In this formula, i p depicts the predicted value at time i while i t is the value that actually occurs at time i .The value of M is utilized for normalization since it is the maximum value in the data set. Figure 4 shows that both ANN and Markov methods are nearly identical for short This examination shows that the prediction scheme is satisfying within certain limits, but that there is still room for further improvements of the prediction quality. At the same time, How to deal with the inaccurateness of the context prediction process is a challenge worthy of circumspective consideration. Furthermore, memory load, adaptability, and error tolerance should be evaluated in our future research activities.
Conclusion
Modern technological advances always have an impact on the daily lives of people who are not involved with the scientific or technical field that enabled these advances. Pervasive computing strives towards a future world of interconnected, embedded and smart devices dispersed over and embedded into the environment. Consequently, it can provide promising solutions for improving quality of life of both the elderly and their relatives, as well as for providing cost savings in continuous care services provision. Aiming to develop enabling key technologies in pervasive health care and provide an open and flexible infrastructure, we present our design and implementation of a context-aware middleware infrastructure for elderly health monitoring and alerting. At the present time, we are trying to optimize each component in UbiCAM infrastructure.
Specially, we detailedly propose our context prediction scheme by SPA method in this paper. At the present time, as a young topic, context prediction is still at the outset of methodical research. When applied in a way that still leaves in the loop of control, it can be a powerful tool to support users in their daily lives and to foster a broad availability of computing services to a larger public. Open challenges remain especially in: improving the accuracy of predicted context, coping with limited resources, sharing context histories between devices, dealing with uncertain sensor information and predictions, and so on.
